Since LEESON and JACOBY (1959) , many ultrastructural studies have reported on the prenatal and postnatal development of rodent salivary glands, particularly on the rat submandibular gland (LEESON and JACOBY,1959; JACOBY and LEESON, 1959; KIM et al., 1970; CUTLER, 1974; CHANG, 1978) . LEESON and JACOBY (1959) named the immature endpiece of the rat submandibular gland "the terminal tubule." Subsequently, several cell types were distinguished in rat terminal tubules depending on the ultrastructure of their secretory granules (DVORAK,1969; KIM et al., 1970; BRESSLER, 1973) ; the cytodifferentiation of these cells and of myoepithelial cells has been studied by various hiStologlcal methods (YAMASHINA and BARKA, 1972, 1973; BRESSLER, 1973; SRINIVASAN et al., 1973) . However, human salivary glands conspicuously differ from those of the rodent, both morphologically and histochemically (PINKSTAFF, 1980) . In the human, the parotid gland is composed of serous cells, and the submandibular gland a mixture of serous and mucous cells. In contrast, rodent submandibular glands consisted of seromucous cells (MUNGER, 1964; SHACKLEFORD and WILBORN, 1968) . Therefore, it is impossible to apply knowledge of rodent salivary glands to the studies in humans.
Because of the obvious difficulty in obtaining materials, the development of human salivary glands has not been thoroughly investigated ultrastructurally.
Only a few ultrastructural studies have been available (DoNATH et al., 1978) . However, a wide spectrum of tumors does occur in human salivary glands, especially in the parotid gland, making the study of thus affected areas feasible. As the salivary gland grossly consists of ductal cells, acinar cells and myoepithelial cells, several types of tumors can originate from each kind of cell. It is, therefore, of utmost importance to study the development of human salivary glands ultrastructurally in order to clarify both the histogenesis of normal salivary gland tissue and the cytogenesis of salivary gland tumors.
In this study, the development of human parotid and submandibular glands was examined ultrastructurally at the same prenatal phase. Electron microscopic carbohydrate histochemistry (periodic acid-thiosemicarbazide-silver proteinate staining) was applied to distinguish the fetal secretory granules in parotid and submandibular glands. The relationship between the histogenesis of the normal structure and that of tumors was also discussed.
MATERIALS AND METHODS
Parotid and submandibular glands were excised from one human fetus each at 16, 18 and 24 weeks of gestation.
The 16 and 24 week fetuses were male, and the 18 week fetus was female. The tissues were cut into small pieces and fixed in 5 % glutaraldehyde in 0.1 M phosphate buffer, pH 7.4, for 2-3 hr. After washing in 0.1 M phosphate buffer, pH 7.4, they were post-fixed in a loo osmium tetroxide and 1.5°o potassium ferrocyanide mixture in 0.1 M phosphate buffer, pH 7.4, for 2-3 hr. The tissues were dehydrated through an ethanol series and embedded in Epon 812. Ultrathin sections were stained with saturated uranyl acetate in 40°o ethanol, followed by lead citrate (REYNOLDS, 1963) . Sections of 1 pm thickness were cut from the same tissue blocks and stained with toluidine blue, to be used for light microscopic correlations.
For the electron microscopic carbohydrate histochemistry, some ultrathin sections on a gold mesh were stained using the periodic acid-thiosemicarbazide-silver proteinate (PA-TSC-SP) method (RAMBOURG,1967) .
RESULTS

Light microscopy
Sixteen week fetus: Both the parotid and submandibular glands showed branching formations of rough bush-like networks which were composed of primary ducts and terminal buds. The primary duct was double layered and formed the frame work of the bush-like network.
The terminal bud consisted of a cell cluster, and was situated at the terminal end of the primary duct. The lumen and secretory material could not be observed in the terminal bud light-microscopically (Fig. 1 ). Eighteen week fetus: The bush-like network of both glands had developed more branching.
In the endpiece of the branches, terminal tubules had developed, in which the early formation of a lumen could be observed. However, some terminal buds were still present in both glands. The light microscope did not reveal secretory material in the terminal tubules.
The primary ducts were still present (Fig. 2) . Twenty-four week fetus: The terminal tubules had become dense and formed lobules. The differentiation of secretory activity was obvious in the terminal tubules of both glands. The primary ducts and the terminal buds were no longer present at this stage.
However, small ducts, presumed to be intercalated ducts, and some large ducts containing no secretory cells were observed (Fig. 3, 4) .
Electron microscopy
The results will be described as follows: 1) the differentiation of the terminal portion, 2) the differentiation of the duct system and 3) the differentiation of the myoepithelial cell.
Differentiation of the terminal portion
Sixteen week fetus: The terminal bud in both glands, shaped as a cell cluster , consisted of two cell types: the inner cells and the outer cells. The inner cells were predominant and situated mostly in the center of the terminal bud. They had large nuclei and scanty cytoplasm.
Cytoplasmic organelles were poorly developed. Only a few mito- The secretorv material is observed in the terminal tubule.
x 500 4 chondria and lamellae of rough endoplasmic reticulum were observed. Massive accumulations of glycogen particles (glycogen field) were found in the cytoplasm. A few vesicles, presumed to be immature secretory granules, had accumulated in some of these inner cells. Small lumina were occasionally found in the cluster of inner cells. Microvilli were not clearly demonstrable on the luminal surface (Fig. 5) .
The outer cells were round or oval and scattered at the basal portion of the terminal bud, exactly between the inner cells and the basal lamina.
They also had large nuclei and scanty cytoplasm with poor organelles, much like the inner cells. However, they were devoid of glycogen particles in their cytoplasm (Fig. 5) .
Eighteen week fetus: In parotid and submandibular glands, the endpiece of the gland (the terminal bud) developed into the terminal tubule, in which the accumulation of secretory granules was distinct.
The terminal tubule consisted of one or two cell layers and showed similar ultrastructural features in both glands. Cells surrounding the lumen in the terminal tubule were columnar in shape and possessed a few short microvilli on the luminal side. While a Golgi complex and moderate numbers of mitochondria were observed in the cytoplasm, the rough endoplasmic reticulum was still poorly developed.
Glycogen fields were also found in the cytoplasm. These cells contained distinct secretory granules at their apical portions (Fig. 7) . The secretory granules in both glands showed similar ultrastructural features. They were membranebound with a homogeneous and moderately electron opaque content.
A reticular substructure was found in some secretory granules of both glands (Fig. 10, 11 ). The secretory granules in both glands revealed a similar positive reaction to the PA-TSC-SP staining, and thus could not be distinguished. Fine silver grains were diffused throughout the secretory granules.
At the basal portion of the terminal tubule between the ductal cell and the basal lamina, flat cells with extended cytoplasmic processes were observed.
They were devoid of glycogen particles.
Some of these flat cells contained a few filamentous materials in the cytoplasm (Fig. 7) .
Twenty-four week fetus: A Golgi complex, mitochondria, rough endoplasmic reticulum and microvilli were markedly developed in the cells of the terminal tubule of both the parotid and the submandibular glands. Secretory granules in both glands were increased in number. Junctional complexes and lateral infoldings were clearly seen. However, the glycogen fields observed in the glands of the 16 and 18 week fetuses could not be found except for a small quantity of glycogen particles (Fig. 8, 9 ). At these stages, the terminal tubule of the parotid gland consisted of one kind of secretory cell, and that of the submandibular gland, of two kinds. Secretory granules of the parotid gland were membrane-bound with a moderately electron opaque content (Fig. 12) . The first type of secretory cell in the submandibular gland revealed membrane-bound secretory granules with a homogeneous, moderately electron-opaque content. These granules resembled ultrastructurally those in the parotid gland of the 24 week fetus (Fig. 13) . Secretory granules of the second cell type frequently were fused to each other and contained a homogeneous content which was markedly more electron-opaque as compared with the secretory granules of the first cell type. The membrane of the second cell granules was unremarkable (Fig. 13) . Many of the second cell granules were accumulated in a few cells of the terminal tubule (Fig. 9 ). An electron-lucent core was seen in some granules of both secretory cells in the submandibular gland (Fig. 13 ).
Secretory granules of both glands in this stage were also positive to PA-TSC-SP staining.
With the staining, secretory granules in the parotid gland were clearly distinguished as a single type, and in the submandibular gland, as two types. The secretory granules in the parotid gland were stained coarsely in the region of the granule membrane and finely in the inner area of the granules, similar to those of the first cell type in the submandibular gland (Fig. 14, 15 ). On the other hand, those of the second cell type were stained coarsely and densely throughout the granules (Fig. 15 ). Flat cells, extending cytoplasmic processes and containing cytoplasmic filaments, were observed at the basal portion of the terminal tubule in both glands (Fig. 8, 9 ). Sixteen and 18 week fetuses: At this stage, the duct system in both parotid and submandibular glands, which continued with the terminal buds or the terminal tubules, consisted of the primary ducts.
Ultrastructurally, the primary duct was double layered. Morphologically, the inner ductal cells of the primary duct resembled the inner cells of the terminal bud (Fig. 5, 6 ). The inner ductal cells, which surrounded a lumen, contained massive accumulations of glycogen particles, a few mitochondria, a Golgi complex and a few lamellae of rough endoplasmic reticulum. They also had a few vesicles presumed to be secretory granules at the apical portion and a few microvillous processes in the luminal surface. The outer cells were oval in shape, and possessed a large nucleus and scanty cytoplasm with poor cytoplasmic organelles. They contained no glycogen particles in the cytoplasm, contrary to the inner ductal cells (Fig. 6 ). The secretory granules in the parotid gland of the 18 week fetus. Reticular substructure is observed in the granules.
x 22,000 1( (Fig. 17) .
The primary ducts which were observed in the glands of the 16 and 18 week fetuses could not be seen in either of the glands of this stage.
Differentiation of the myoepithelial cell
Sixteen week fetus: What is called the myoepithelial cell did not exist in both glands. However, the outer cells of the terminal bud and the basal cells of the primary duct were situated in a similar position to where the myoepithelial cells can be expected to be located: exactly between the ductal cells and the basal lamina. They had, however, no cytoplasmic filaments (Fig. 5, 6 ). Eighteen week fetus: Immature myoepithelial cells were observed at the basal portion of the terminal tubules in both glands (Fig. 7) . They extended their cytoplasmic processes and contained a few myofilaments in their cytoplasm (Fig. 18) .
Twenty-four week fetus: Distinct myoepithelial cells were scattered at the basal portion of the terminal tubules and the intercalated ducts in both glands (Fig. 8, 9 , 16). They had cytoplasmic processes surrounding the terminal tubules or the intercalated Electron micrograph showing the mitochondria-rich duct in the parotid gland of the 24 week fetus.
M myoepithelial cell, L lumen of the duct. x 3,500 17 ducts, and clearly contained myofilaments throughout the cytoplasm (Fig. 19) . At the basal portion of the mitochondria-rich ducts, cells presumed to be immature myoepithelial cells were observed.
They also possesed a few cytoplasmic filaments (Fig. 17) .
DISCUSSION DONATH et al. (1978) classified the prenatal development of the human parotid gland into three phases by analogy with findings in animals, and reported the formation of the first secretory granules at the third stage (from the 35th to 40th week of pregnancy). In this study, we observed secretory granules in the ductal cells of the parotid and submandibular glands in fetuses at 18 and 24 weeks of gestation.
Together with the accumulation of the secretory granules, a Golgi complex, rough endoplasmic reticulum and microvilli were well developed, and the formation of lumen was very distinct. Further, it could be determined that organelles which are involved in the secretory formation were fully differentiated in the salivary gland of the 24 week fetus. Three kinds of secretory cells have been identified in the terminal tubules of the rat submandibular gland on the basis of the structural difference of their secretory granules:
"the terminal tubular cell," "the proacinar cell," and "the acinar cell" (DVORAK, 1969; KIM et al., 1970; BRESSLER, 1973) . The terminal tubular cell and the proacinar cell appeared simultaneously in the last fetal stage. Subsequently, the acinar cell came to be observed (DVORAK, 1969; YAMASHINA and BARKA, 1972) . As to the cytodifferentiation of the these cells, it was suggested that the proacinar cell differentiated into the acinar cell and the terminal tubular cell contributed to the ductal system (YAMASHINA and BARKA, 1972,1973; BRESSLER, 1973) .
The present study indicated the differentiation of the inner cells of the terminal buds in the glands of the 16 week fetus into the cells of the terminal tubule in the 24 week fetus. The inner cells of the terminal buds in the former fetus were undifferentiated, but contained some vesicles-presumed to be immature secretory granulesalong with many glycogen particles in the cytoplasm.
In addition, the cells of the terminal tubules in the glands of 18 and 24 week fetuses also possessed secretory granules and an abundance of glycogen particles in the cytoplasm.
These facts support the differentiation of the terminal bud into the terminal tubule.
A single kind of secretory cell was observed in both parotid and submandibular glands of the 18 week fetus. At 24 weeks of gestation, two distinct cell kinds were identified ultrastructurally, whereas the parotid gland still showed a single secretory cell type. Ultrastructural features of the secretory granules in the parotid gland of the 24 week fetus resembled those in the 35 week fetus, as reported by DONATH (1978) . The secretory granules in the parotid gland of the 24 week fetus resembled, electron microscopically, the first type of granule of the submandibular gland of the same fetus, being serous in nature. The second type of granule in the submandibular gland of the 24 week fetus was mucous by electron microscopy.
However, these fetal secretory granules were different from the matured ones observed ultrastructurally in adult parotid and submandibular glands (SATO et al., 1966; RIVA and RIVA-TESTA, 1973; TESTA-RIVA, 1977) . Therefore, it can be supposed that the cells containing secretory granules in the terminal tubules of the 18 and 24 week glands correspond to the terminal tubular cells or the proacinar cells, which were reported in developing rat submandibular gland (DVORAK,1969; KIM et al., 1970; BRESSLER, 1973) . Consequently, the secretory cells with serous type granules in 24 week parotid and submandibular glands were understood to be the precursors of serous acinar cells in the matured gland, and the secretory cells with mucous type granules in the 24 week submandibular gland to be the precursors of mucous acinar cells. As to the developmental relationship between the secretory cells in the salivary glands at 18 and 24 gestational weeks, studies based on a large number of cases should be carried out.
In this study, secretory granules in the salivary glands of the 18 and 24-week-old fetuses were positive in PA-TSC-SP staining.
Particularly, the second type granules of the 24 week submandibular gland were stained intensely with PA-TSC-SP, an indication that the cells with these granules were the precursors of the mucous acinar cells. On the other hand, it has been reported that the secretory granules of acinic cell carcinoma of the parotid gland revealed a positive reaction to PAS and PAM stainings (ROBERT, 1972; BLOOM, 1979) . This means that the secretory granules of human fetal salivary glands and those of acinic cell carcinoma of the parotid gland are rich in carbohydrates in their granule content. This histochemical similarity leads to the supposition that the tumor cells of parotid acinic cell carcinoma possess the fetal types of secretory granules as a result of undifferentiation of the cells. Regarding the cytogenesis of the myoepithelial cell, it has been generally accepted that this characteristic cell is ectodermal in origin (TAMARIN, 1966; HANKS and CHAUDHRY, 1971; CUTLER and CHAUDHRY, 1973; REDMAN and WILLIAM, 1979) . PARKS (1961) reported a "clear cell" in the parotid gland of the rat and mouse, and characterized it to be "non-myoid, non-nervous, and non-secretory."
Later, TANDLER (1965) found the "clear cell" in the human submandibular gland and considered it to be the myoepithelial precursor cell. In the present study, the outer cell of the terminal bud and the basal cell of the primary duct in the salivary glands of the 16 week fetus resembled "the clear cell" morphologically.
They had no cytoplasmic filaments and scanty cytoplasmic organelles.
However, they occupied the same position where the myoepithelial cell should be located. In the 18 week fetus, the outer cells became flat in shape and extended cytoplasmic processes. A few myofilaments were observed in some of them. Myoepithelial cells were then distinctly observed at the basal portion of the terminal tubules of the salivary glands in the 24 week fetus. Therefore, it seemed reasonable to suppose that the outer cell in the 16 week fetus might be the myoepithelial precursor cell. REDMAN and WILLIAM (1979) reported a similar observation in a developmental study of the rat sublingual gland. However, as the outer cells in the 16 week fetus were undifferentiated morphologically, the possibility could not be excluded that they might differentiate also into the cells of the terminal tubules or the inner cells of the terminal buds.
Glycogen-rich adenocarcinoma, a rare tumor among salivary gland adenocarcinomas, characteristically displays an accumulation of glycogen particles in the cytoplasm. This tumor is considered to be of myoepithelial (FEYRTER et al., 1963) or ductal origin (CORRIDAN, 1956; MOHAMED and CHERRICK, 1975) . The inner cells of the salivary glands in the 16 week fetus also contained many glycogen particles, which then decreased in quantity with the development of the gland.
In any case, the ductal cells clearly possess the potentiality to store glycogen particles. Therefore, it is entirely possible to propose that the glycogen-rich adenocarcinoma might not be derived from the myoepithelial cells but, instead, from the ductal cells of the early fetal stage. It is of special interest that myoepithelial cells in adult salivary glands contained a number of glycogen particles in their cytoplasm, whereas such particles were completely absent from the immature myoepithelial cells observed in the 18 and 24 week fetuses.
Intercalated ducts occurred in both the parotid and submandibular glands of the 24 week fetus. The cells of the ducts in the 24 week fetus contained a small amount of the same serous type of granules as found in the cells of the terminal tubules in the glands of the 18 and 24 week fetuses. Immature myoepithelial cells were situated at the basal portion of the intercalated duct, just as in the terminal tubule. These findings indicated that the intercalated duct is derived from the terminal tubule. Therefore, what is called the pluripotency of the intercalated ductal cell should be attributed to the early differentiation of this duct.
The duct with mitochondria-rich cells in the gland at 24 weeks was interpreted as being the immature striated duct or the immature excretory duct. The primary duct in the 16 week gland is believed to differentiate into this duct. These results concerning the intercalated duct, the striated duct and the excretory duct were completely in accord with reports on the development of the rabbit submandibular gland (YAKU, 1981) .
The present study established that both parotid and submandibular glands undergo a similar developmental process until the 24th week of gestation.
